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(54) DISK DEVICE CONTROL SYSTEM 

(57) Abstract : 

PURPOSE: To shorten error recovery time by saving reading 
data and reading error information in a buffer, correcting 
recoverable data without rereading it and rereading only 
disabled data. 

CONSTITUTION: A record read out from a disk device 1 is 
transferred to a main storage device 5 until an error is 
generated, and is stored in a buffer 7 formed in a magnetic 
disk control device 4. At the time of detecting error 
detection, a channel of the device 4 is released and the 
data are stored only in the buffer 7. Error information 8 is 
saved in a buffer 6. When the erroi^ generated data can be 
corrected by the error information, the data are corrected 
without rereading the data and correct data are stored in 
the buffer 7. If the data can not be corrected by the error 
information 8 saved in the buffer 6, the data are reread and 
correct data are stored in the buffer 7. When all data in 
the device 4 are correct after error recovery, channel 
connection is executed and the correct data are transferred 
to the device 5. Consequently, the waiting time for 
correction in the disk device can be shortened and the error 
recovery time can be also shortened. 
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SPECIFICATION 



1 . TITLE OF THE INVENTION 

Disk Drive Control System 

2 . CLAIMS 

1 . A disk drive control system for reading a 
plurality of record data in response to instructions 
from an upper-level device, the disk drive control 
system comprising the steps of: 

transferring the record data read from the 
disk drive successively to the upper-level device and 
storing the data in a data storage buffers- 
checking each record read out for a possible 

error ; 

storing in an error information save buffer 
error information for correcting the error; and 

successively reading a plurality of 
predetermined records regardless of presence or absence 
of errors . 

2 . A disk drive control system according to claim 
1, wherein, after the read operation is completed, the 
record data read out that have errors are corrected 
using the error information; 

wherein, when there are record data that 
cannot be corrected with the error information, the 
record data in question are corrected by re-reading the 
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original record da-ba . 

3 . A disk drive control system according to claim 

2, wherein, while the error correction is executed, the 
disk drive is disconnected from the upper-level device 
and the corrected data is stored in the data storage 
buffer; and, after the data correction is completed, the 
records stored in the data storage buffer are 
successively transferred to the upper-level device. 

3 . DETAILED DESCRIPTION OF THE INVENTION 
[Industrial Field of Application] 

The present invention relates to a rotary disk 
drive control system and more particularly to a disk 
drive control system which, when an error occurs during 
a read operation, can reduce an error recovery time and 
allows an upper-level device to effectively utilize the 
error recovery time , 
[Prior Art] 

When an error is detected in data read out 
from a magnetic disk drive, data recovery is 
conventionally performed as described in Japanese Patent 

* 

Laid-open No. 58-109954. This technique involves 
reading a plurality of sectors in one track, holding 
information on sectors in which errors have occurred, 
and reading again at one time those error sectors to 
recover the data . 

Fig. 6 shows how data is recovered at time of 
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error detection by the conventional technique. 
Referring to this diagram, the conventional data 
recovery technique in the event of error will be 
explained. 

In one track a plurality of records are 
recorded. Suppose that all records in one track are to 
be read out. A read operation 20 executes reading all 
the records in a specified track. In parallel with the 
reading operation, an error check is made of each record 
read out. It is assumed that read errors have occurred 
in records 23 marked with X. Information on these 
records is held along with information indicating the 
occurrence of errors . After all read operations for one 
track have been finished, a command retry instruction 22 
is issued for data recovery. After waiting for the disk 
to rotate to the read position, a re-read operation 21 
is performed on the same track to read the records 23 in 
which the previous read operation 20 resulted in errors. 
This conventional technique has an advantage of being 
able to recover data from errors by a single re-read 
operation on the same track even if errors occur on a 
plurality of records in one track, and thereby reduce 
the data recovery time compared with a technique which 
performs the re-read operation on an error-laden record 
each time the read error occurs . 

[Problems to Be Solved by the Invention] 

However, since this prior technique needs to 
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perform the data recovery re-read operation in the event 
of a read error, the disk rotation wait time puts a 
limitation on a reduction in the data recovery time . 
There is another problem that, during this recovery 
time, the magnetic disk drive remains connected through 
a channel to an upper-level device, which wastes time 
during that period. 

An object of the present invention is to 
further reduce the data recovery time from error and 
reduce a time of channel occupation by the magnetic disk 
drive so that the upper-level device can make effective 
use of the data recovery time . 

[Means to Solve the Problem] 

With this invention, the above object can be 
achieved by saving read data and read error information 
in a buffer; for those data that can be recovered from 
the error information, correcting errors without re- 
reading the data; performing a re-read operation on only 
those data that cannot be recovered from the error 
information; and disconnecting the channel during the 
data recovery operation . 

[Advantages ] 

Data read out by the magnetic disk drive is 
transferred, until an error occurs, through a channel to 
an upper-level device, for example, a main storage 
device and at the same time stored in a buffer of a 
controller. When an error occurs in the read data, the 
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channel is disconnected to stop the transfer of data to 
the main storage device and the subsequent data is 
stored only in the buffer of the controller. The error 
information that was read along with the data is saved 
in a buffer in a disk connection device. If the data 
with error can be corrected using the saved error 
information, the data is corrected without performing 
the re-read operation and stored in the buffer of the 
controller. If the data with error cannot be corrected 
by the saved error information, the re-read operation is 
performed and the corrected data is stored in the buffer 
in the controller. When, after this data recovery 
operation, all the data in the controller are correct, 
the channel is connected to transfer the correct data to 
the main storage device . 
[ Elmbodimen t ] 

Now, one embodiment of the disk drive control 
system according to this invention will be described in 
detail by referring the accompanying drawings . 

Fig. 1 is a block diagram showing one 
embodiment of the present invention; Fig. 2 is a diagram 
showing data storage buffers and flags in the magnetic 
disc controller; Fig. 3 is a diagram showing an error 
information save buffer provided in the magnetic disk 
connection device; Fig. 4 and Fig. 5 are operation flow 
charts according to one embodiment of this invention. 
In Fig . 1 to Fig . 3 , reference number 1 denotes a 
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magnetic disk drive, 2 a recording medium, 3 a magnetic 
disk connection device, 4 a magnetic disk controller, 5 
a main storage device, 6 an error information save 
buffer, 7 a data storage buffer, 10 a buffer flag, 11 a 
buffer /device flag, 12 a transfer data storage area, 13 
a record number, 15 a variable register, 16 an ID/D 
flag, 17 an error flag E, and 18 a status flag Z. 

In this disk drive control system, as shown in 
Fig. 1, the magnetic disk drive 1 is connected through 
the magnetic disk connection device 3 to the magnetic 
disk controller 4 to transfer the read data from the 
magnetic disk drive 1 to the main storage device 5 . The 
magnetic disk controller 4 has a buffer 7 for storing 
the read data from the magnetic disk drive 1 in 
correspondence with the record number 13, No. 0 to No. 
n, various flags 16-18 used for control of this 
invention, and a register 15 for storing a variable R 
representing a record number . The magnetic disk 
connection device 3 has an error information save buffer 
6 for storing error information 8 , such as error 
correction information on the read data, for each 
record . 

Generally, each record recorded on the 
recording medium 2, such as a magnetic disk, comprises a 
record identification (ID part) for identifying the 
record, data (D part) , and error information 8 for error 
check and correction . 
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Of each record read out from the magnetic disk 
drive 1, the error Information 8 Is stored In the error 
Information save buffer 6 of the magnetic disk 
connection device 3, and the ID part and data of D part 
are stored In the transfer data storage area 12 In the 
data storage buffer 7 of the magnetic disk controller 4 . 
The data storage buffer 7 In the magnetic disk 
controller 4 has a buffer flag 10 and a buffer /device 
(B/D) flag 11 for each record number In addition to the 
transfer data storage area 12. The buffer flag 10 
Indicates In each field for the ID part and the D part 
whether an error occurred while the corresponding record 
was read. The B/D flag 11 Indicates In each field for 
the ID part and the D part whether the data In the 
transfer data storage area 12 Is valid or not. An on- 
state Indicates that the data Is valid while an off- 
state Indicates the data Is Invalid. The number of 
records In the data storage buffer 7 Is large enough to 
accommodate the number of records In one track of the 
recording medium 2. The ID/D flag 16 In the magnetic 
disk controller 4 Indicates whether the field to be 
processed In the control operation Is the ID part or the 
D part. The error flag E 17 Is turned on when an error 
occurs during the read operation and turned off when all 
the data In the data storage buffer 7 are valid. 
Further, the status flag Z Indicates when an error that 
cannot be corrected by the error Information occurs In 
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the read data from the magnetic disk drive 1 . The 
variable register 15 containing the variable R 
represents the record number to be processed. 

By referring to flow charts in Fig. 4 and Fig. 
5, an operation of the disk drive control system 
according to one embodiment of this invention will be 
described in detail . 

(1) Before starting to transfer the read data from 
the magnetic disk drive 1 to the main storage device 5, 
the magnetic disk controller 4 receives through a chain 
command a transfer record number N from an upper-level 
device such as host computer not shown ^ resets the flags 
16-18 and sets the variable register 15 to "0" (steps 
40-43) . 

(2) The B/D flag 11 is checked to confirm that 
there is no valid data in the data storage buffer 7 and 
then records are read out from the magnetic disk drive 1 
A (steps 44, 45) . 

(3) Since the ID/D flag 16 is set to 1=0 in step 
43, an error check is made of the ID part of the record 
read out (step 46) . 

(4) If there is no error, since the ID/D flag 16 
is not 1=1, the flag is set to 1=1 and then the steps 44 
and 45 are executed (steps, 53, 54, 44, 45). 

(5) Because the ID/D flag 16 was set to 1=1 in 
step 54, an error check is made of the D part of the 
record read out. If no error is found, the variable 
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register 15 is incremented by +1 and the ID/D flag 16 is 
set to 1=0 (steps 46, 53, 55, 56, 43) . 

(6) As long as an error does not occur in the 
record being read, the above sequence of operations is 
repeated and the records read out are transferred 
successively to the main storage device 5 where they are 
stored at locations specified by the variable register 
15 of the data storage buffer 7 . 

(7) When in the above operation the step 46 
detects an error, the magnetic disk controller 4 issues 
an end command DSB=(4A) to the upper-level device and 
disconnects the channel (step 47) . 

(8) Then, the error flag E is set to E=l and the 
error information is saved in the error information save 
buffer 6 at a location specified by the variable 
register 15. At the same time, the buffer flag 10 in 
the data storage buffer 7 corresponding to the record 
with error is set (steps 48-50) . 

(9) The subsequent read data is stored in the data 
storage buffer 7 without being transferred to the main 
storage device. The above operations (7) and (8) are 
performed only on the records in which a read error 
occurred. The subsequent read operation is executed as 
described in (2) to (6) , 

(10) After the above-described processing has been 
completed on the N records, the error flag E is checked. 
If E=0, this means that the reading operation has been 
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done without error for all records and the read data for 
all records have been transferred to the main storage 
device 5 . Thus , a series of read operation is ended 
(steps 55, 57) . 

(11) If E=l at step 57, this means that an error 
occurred during the series of read operations. So, the 
variable register 15 is set to R=0 and the ID/D flag 16 
to 1=0, and the error correction operation is started 
(steps 58, 59) . 

(12) Since R=0 and 1=0, a check is made of the ID 
part of the buffer flag 10 that corresponds to the 
record number No . 0 in the data storage buffer 7 . If no 
error is found, the ID part of the B/D flag 11 is 
indicated as being valid (step 60, 64) . 

(13) The ID/D flag 16 is set to 1=1 to check the D 
part of the buffer flag 10 for the record number No . 0 . 
If no error is found, the B/D flag 11 for the D part is 
set, the variable register 15 is incremented by 1, and 
the ID/D flag 16 is set to 1=0 (steps 65, 73, 60, 64, 
65, 66, 70, 59) . 

(14) If in step 60 the buffer flag 10 indicates an 
occurrence of error, the error information 8 of a record 
corresponding to the flag position is retrieved from the 
error information save buffer 6 to correct the 
associated data in the data storage buffer 7 (steps 61, 
62) . 

(15) If the error is correctable in step 62, the 



correction is done to correct specified data in the data 
storage buffer 7 and the corresponding B/D flag is set 
to indicate that the data in question is valid (steps 
63, 75, 64) . 

(16) When the error is uncorrectable in step 62, 
the B/D flag is reset and the status flag Z is set to 
2=1 (steps 71, 72) . 

(17) When the above correction operations (12) to 
(15) complete error corrections in the ID and D parts in 
all error-laden records, the variable register 15 is R=N 
and the status flag 18 is Z=0 . Therefore, the magnetic 
disk controller 4 sends the channel connection command 
DSB=(04) to the upper-level device and sets the error 
flag 17 to E=0 (steps 66, 67, 68, 69) . 

(18) Then, the above-described steps 41-44 are 
executed. 

(19) Since the B/D flag 11 indicates that all data 
in the data storage buffer 7 are valid and there are no 
uncorrectable data, the magnetic disk controller 4 
successively transfers data from the transfer data 
storage area 12 of the data storage buffer 7 to the main 
storage device (steps 44, 51, 52). 

(20) If there is an uncorrectable error as in the 
operation (16) , after correctable data for all records 
are corrected, the repositioning is done without 
connecting the channel and the re-read operation is 
started (step 74) . 
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(21) In this case, the B/D flag 11 is checked at 
step 44, and the subsequent steps cause the magnetic 
disk drive 1 to read only the ID and D parts of the 
records with correctable errors and store them in the 
data storage buffer 7. 

As described above, whenever an error occurs 
during the read operation of the magnetic disk drive, 
the disk drive control system of this invention 
immediately disconnects the channel, corrects 
correctable data using error information without re- 
reading the data from the magnetic disk drive, and, when 
the read data in the data storage buffer in the magnetic 
disk controller are all error-free, connects the channel 
to transfer the read data to the main storage device. 
Hence, this embodiment can reduce the disk rotation wait 
time for data correction . Further , during the 
correction of the read data, the upper-level device can 
service other devices . 

[Advantages of the Invention] 

As described above, with this invention, in 
the event of an error during the read operation by the 
disk drive, the time required to recover the data can be 
shortened, the channel is not occupied during the 
recovery operation, and the channel occupation time can 
also be reduced. 
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4 . BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 Is a block diagram showing one 
embodiment of the present Invention; Fig. 2 Is a diagram 
showing data storage buffers and flags provided In the 
magnetic disk controller 4; Fig. 3 Is a diagram showing 
an error Information save buffer provided In the 
magnetic disk connection device; Fig. 4 and Fig. 5 are 
operation flow charts according to one embodiment of 
this Invention; and Fig. 6 Is a diagram showing the 
operation of a conventional technique . 

1 ... Magnetic disk drive, 2 ... Recording medium, 

3 ... Magnetic disk connection device, 4 ... Magnetic 

disk controller, 5 ... Main storage device, 6 ... Error 

Information save buffer, 7 ... Data storage buffer, 

10 ... Buffer flag, 11 ... Buffer /device (B/D) flag, 

12 ... Transfer data storage area, 13 ... Record number, 

15 ... Variable register, 16 ... ID/D flag, 17 ... Error 

flag E, 18 ... Status flag Z 
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